The Lewis (LEW) and SHR (Spontaneously Hypertensive Rats) inbred rat strains differ in several anxiety/ emotionality and learning/memory-related behaviors. We aimed to search quantitative trait locus (QTL) that influence these behaviors and confirm their effects in a congenic rat strain SLA16 (SHR.LEW.Anxrr16). LEW females and SHR males were intercrossed to produce F2 rats (96/sex), which were all tested in the plus-maze discriminative avoidance task (PMDAT), open-field (OF), object recognition (OR), spontaneous alternation (SA) and fear conditioning (FC). All animals were genotyped for microsatellite markers located on chromosome (Chr) 4. Behavioral and genotypic data were used to perform factor and QTL analyses. Also, to confirm the QTL effects, we tested male and female SLA16 rats and their isogenic control SHR in the same behavioral tests. A factor analysis of the F2 population revealed a correlation between anxiety/emotionality related behaviors and learning/memory in both sexes. QTL analysis revealed two significant QTL in males and three in females, on behavioral parameters in the PMDAT, OF and FC. Four QTL found herein were confirmed in SLA16 rats. The SLA16 strain displayed lower levels of anxiety/emotionality, higher locomotor activity and deficits in learning/memory in comparison with SHR strain. The Chr 4 contains genes influencing anxiety/emotionality and learning/memory behaviors and the SLA16 strain represents a valuable tool in the search for them. The use of the SLA16 strain as a genetic model for studying behavioral phenomena and their implications for psychiatric disorders are discussed.
Introduction
Studies show evidence of a close relationship between anxiety/ emotionality states and learning/memory functions. For example, high anxious individuals are predicted to perform worse on tasks requiring efficient cognitive processing (Berggren & Derakshan, 2013; Eysenck, Derakshan, Santos, & Calvo, 2007) . Contrarily, optimal levels of anxiety could facilitate learning and memory. Also in rodents, alterations in the emotional profile can modify their learning/memory performances (Korosi et al., 2012; Oomen et al., 2010; Ponder et al., 2007; Silva & Frussa-Filho, 2000) .
The Lewis (LEW) and SHR (Spontaneously Hypertensive Rats) inbred rat strains constitute a valuable genetic model for the study of anxiety/emotionality. They demonstrate contrasting behaviors regarding approach/avoidance to the aversive areas of the openfield (OF), elevated plus-maze (EPM) and light/dark box (LDB) apparatuses. LEW rats seem to be more ''anxious" than SHR (Chiavegatto et al., 2009) . The LEW and SHR strains also differ in the T-maze test, which involves several consecutive trials, thereby allowing the animal to acquire inhibitory avoidance of the open arms. In this test, SHR rats presented worst learning and retrieval than LEW (Ramos et al., 2002) .
Using LEW and SHR rats, Ramos, Moisan, Chaouloff, Mormède, and Mormède (1999) behavior (Angrini, Leslie, & Shephard, 1998; Prut & Belzung, 2003) . This QTL is mapped on rat chromosome (Chr) 4 and it was named Anxrr16 (anxiety-related response # 16) by the Rat Genome Database (http://rgd.mcw.edu/). Interestingly, in this QTL, LEW alleles stimulated higher (instead of lower, as it would be expected) OF central locomotion, a phenomenon that is relatively common in QTL studies and is known as ''transgressive effect" (Caldarone et al., 1997; Llamas et al., 2005; Moisan, Llamas, Cook, & Mormède, 2002; Silva, Pereira, Krieger, & Krieger, 2007; Wehner et al., 1997) . Additional experiments, using LEW and SHR rats, suggested that Chr 4, specially the genomic region near Anxrr16 QTL, contains numerous QTL regarding anxiety/emotionality and locomotor behaviors and it may also influence ethanol intake, cocaine sensitization, stress responses, as well as be under the influence of estrous cycle-related factors (Izídio et al., 2011; Vendruscolo et al., 2009) . Some researchers using other strains have suggested further important QTL for ethanol consumption (Carr et al., 1998; Terenina-Rigaldie, Jones, & Mormède 2003) , control of corticosterone levels (Potenza et al., 2004) and adrenal weight (Solberg et al., 2006) near Anxrr16.
All these combined data suggest that this genomic region on Chr 4 contains one or several important genes for behaviors related with human psychopathologies. As follows, the effects of Anxrr16 were isolated through the creation of a congenic strain named SHR.LEW-Anxrr16 (SLA16). In these recombinant animals, the background genome is from SHR rats and the portion of Chr 4 ($86 Mb or 45% of Chr 4) containing the locus of interest came from LEW rats (De Medeiros, Pereira, Granzotto, & Ramos, 2013) . To our knowledge, this was the first study that isolated an anxiety-related locus in the genome of rats through the construction of a congenic strain. Additionally, we have recently showed that SLA16 animals present even lower anxiety/emotionality than SHR strain (De Medeiros, Corrêa, Corvino, Izídio, & Ramos, 2014) .
Even though the LEW/SHR genetic model is a promising tool in the search for the genetic basis of emotional and cognitive behaviors, to date no QTL analysis for learning/memory behavioral traits was performed using these two strains. Thus, we aimed to search QTL that influence anxiety and learning/memory behaviors and confirm their effects in a congenic rat strain. Therefore, through the intercross of LEW and SHR inbred strains, the present study generated F2 rats, of both sexes, that were tested in the plusmaze discriminative avoidance (PMDAT), OF, object recognition (OR), spontaneous alternation (SA) and fear-conditioning (FC) tasks and genotyped with molecular markers covering the entire Chr 4. Behavioral and genotypic data were used to perform a factor and QTL analysis. Additionally, to confirm the QTL effects, we tested SLA16 and its isogenic control SHR in the same behavioral tasks. Our hypotheses, in the present study, were: (i) anxiety and memory tests show common components; (ii) there are QTL for learning/memory on Chr 4 and (iii) it is possible to confirm the effects of these QTL in a congenic strain. Our data suggest correlations between anxiety and learning/memory-related behaviors and new QTL in Chr 4. Moreover, we confirmed the QTL effects in males and females of a congenic strain, suggesting the participation of Chr 4 in the regulation of learning/memory behaviors.
Methods and materials

Animals
The LEW (LEW/HsdUnibAnra) inbred rats came originally from Harlan Sprague Dawley, IN. Then, they were bred at UNICAMP (Campinas, SP, Brazil). The SHR (SHR/NCrlAnra) inbred rats were originally from Harvard University, Boston MA, and then they were bred at UNESP, Botucatu, SP. Both substrains had been maintained in the Behavior Genetics Laboratory (Federal University of Santa Catarina, Florianópolis, Brazil) for more than 40 generations under a system of brother-sister mating and are described in Rat Genome Database (http://rgd.mcw.edu/). SLA16 (SHR.LEW-Anxrr16) congenic strain was recently developed at Behavior Genetics Laboratory.
F2 rats were produced from intercrosses between LEW females and SHR males. F1 rats were brother-sister mated twice (group one and two, respectively), at Federal University of Rio Grande do Norte, Brazil. They produced a total of 192 F2 rats (96/sex) that were characterized in five behavioral tests (starting at 8 weeks age) related to anxiety/emotionality and learning/memory, described below. These behavioral data were used in the factor and QTL analysis.
In order to confirm the QTL, we used males and females from a congenic strain SHR.LEW-Anxrr16 (SLA16) and their isogenic control strain (SHR). Starting at 11 weeks of age, these rats (11-13/ strain/sex) were submitted to the same behavioral tests used with F2 LEW/SHR population, described below. All behavioral tests of this study were carried out between 13:30 and 18:00 h. Males and females were always tested in different days. The animals were always weaned and separated by sex at four weeks of age and, afterwards, kept in collective plastic cages (five rats/cage) with food and water available ad libitum under a 12:12 h cycle (lights on 06:30 a.m.) at 22 ± 2°C.
Adequate measures were taken to minimize pain or discomfort to the animals. All animal use procedures in this study were in accordance with the guidelines of the Brazilian law for the ethical use of animals in research (Law Number 11.794) and were covered by valid permissions (Protocol PP00903 CEUA/UFSC and 04002011 CEUA/UFRN).
Behavioral tests
2.2.1. Plus-maze discriminative avoidance task (PMDAT) The PMDAT apparatus was described previously (Ribeiro et al., 2010) . The apparatus employed was a modified elevated plus-maze, made of wood, containing two enclosed arms (50 cm Â 15 cm Â 40 cm) opposite to two open arms (50 cm Â 15 cm). In the training session, each rat was positioned in the center of the apparatus and, over a period of 10 min, every time the animal entered the aversive enclosed arm, the rat encountered an aversive situation that lasted until the animal left the arm. The aversive stimuli were the 100 W light and an 80 dB noise applied through a speaker positioned over the aversive enclosed arm. In the test session (24 h later), the rats were again placed in the apparatus for 10 min, without receiving aversive stimulation. The lamp and the speaker were still present over the aversive arm, but turned off. Distance traveled in the apparatus (only in F2 experiments), total entries and time spent in each arm (aversive, non-aversive and open arms) and in the central platform was registered. Percent time in aversive arm (time spent in aversive enclosed arm/time spent in both enclosed arms) and percent time spent in open arms (time spent in open arms/time spent in both open and enclosed arms) considering the whole duration of behavioral sessions were used to evaluate learning/memory and anxiety/emotionality, respectively. The apparatus was cleaned with a 5% alcohol solution after each behavioral session. The sessions were recorded by a camera positioned above the apparatus. The behavioral parameters were registered by an animal tracking software (Anymaze, Stoelting, USA), only in F2 experiments. Methods of cleaning and recording were kept for all tests.
Open field (OF)
The open field apparatus, used with F2 animals, was described previously (Ribeiro et al., 2010) . It consisted of a circular openfield arena (84 cm in diameter) with 32 cm high walls, made of wood and painted in black. Squares adjacent to the walls formed the ''peripheral'' area while the ''central" area consisted of all other squares. The number of squares crossed in each area was registered for 5 min after the animal being positioned in the center of the apparatus.
The apparatus, used with SLA16 and SHR animals, was described previously (Izídio, Lopes, Spricigo, & Ramos, 2005) . It was made of wood covered with white impermeable formica, had a floor of 100 Â 100 cm (divided by black lines into 25 squares of 20 Â 20 cm) and four white walls 40-cm high. The illumination in the test room provided 7 lx in the center of the apparatus. Each rat was placed in the center of the OF, which was novel to the animal, and the following variables were scored for 5 min: number of peripheral (adjacent to the walls) and central (away from the walls) squares crossed with all four paws and time in central region.
Object recognition (OR)
The OR task evaluates the rodents' ability to recognize a novel object in the environment. The task was carried out in the OF apparatus described before (circular with F2 animals and square with SLA16 and SHR strains). The objects used herein were a glass and a cup. They were made of plastic and filled with concrete. The glass had 12 cm high and 6 cm wide and the cup had 14 cm high and 6 cm wide. The protocol was previously described by Fernandes et al. (2012) . In the training session, rats were exposed to two copies of an object in the open field arena for 10 min. The same procedure was carried out 24 h later (test session), except that one of the objects was replaced for a new one. The time rats spent exploring each object (familiar or new) was measured in both sessions. Exploration included touching with forepaws or nose, sniffing and biting the objects. The discrimination recognition index, in percentage, was calculated (time exploring new À familiar/time exploring new + familiar).
Spontaneous alternation (SA)
The protocol was described previously (Ribeiro et al., 2010) . Each rat was positioned in a T-maze, made of wood and with three-enclosed-arms (50 Â 15 Â 40 cm) extending from a central platform (16 Â 16 cm). The animals could visit all the arms via a central platform. Rats were allowed to explore the apparatus for 10 min during which the number and sequence of arm entries were scored. The individual arms were named A, B and C in clockwise manner. An alternation consisted of three different arm choices in three consecutive arms entries. An entry was scored when all four paws crossed into the arm. Percent of spontaneous alternation (number of alternations made/number of possible alternations) and total arm entries were calculated.
Fear conditioning (FC)
The protocol was described previously (Ribeiro et al., 2010 ). Each rat was tested in this task that was executed in two consecutive days. The floor of the conditioning box was made of stainless steel rods through which foot shocks were delivered from a current source. In the training session, the rats were individually placed into the box and after 150 s were given six moderate shocks (2 s long 0.4 mA foot shocks with an interval of 30 s). Thirty seconds after the last shock, rats were returned to their home cage. In the test session, performed 24 h later, the animals were again placed in the chamber for 5 min, without receiving foot shocks. The duration of freezing behavior (defined as the complete immobility of the animal) and the number of escape attempts (defined as rearing and pushing the top of the chamber) were registered during training and test sessions. Training session was divided in preconditioning (before shocks) and conditioning phases (during and after first shock) and data were analyzed separately.
Genotyping
Following behavioral tests, all rats were euthanized and their livers and spleens were removed for DNA extraction using DNAzol commercial kit (GibcoBRL, Carlsbad, CA, USA). All animals were genotyped for 10 polymorphic microsatellite markers (Invitrogen, São Paulo, Brazil) distributed throughout Chr 4. Genotypes were determined by polymerase chain reaction (PCR) in microtiter plate in a Px2 Thermal cycler apparatus. In a 20 ml reaction volume, 20 ng of genomic DNA was mixed with 5 pmol of each primer and 0.4 U of Taq polymerase (Promega, Madison, WI, USA) in Promega type A buffer. The PCR program was: (i) one cycle at 96°C for 4 min; (ii) 38 cycles at 92°C for 30 s, 51-59°C (depending on the molecular marker) for 1 min and 72°C for 31 s; (iii) one cycle at 72°C for 4 min. Alleles were visualized on 3% agarose gels stained with non-mutagenic dye (Kasvi, Curitiba, Brazil).
Factor analysis
As one main goal of this work was to explore how the different phenotypic traits related to each other, data from the F2 generation were used to perform a factor analysis. We selected eight behavioral variables from the five different behavioral tests. We used a varimax raw rotation, separated for each sex. Only factors with eigenvalues greater than one were kept. The factor loadings showed in tables indicate the correlations between a given variable and each of the factors.
QTL analysis
Genotype data were first analyzed by GQMOL in order to construct a complete linkage map containing all 10 microsatellite markers used herein with their respective map positions in cM (9 aligned in males). Following that, phenotypic data were entered into J/QTL software and QTL analysis was performed. This program looked for QTL every 1.0 cM throughout the Chr 4. A LOD (logarithm of the odds) was used to report the magnitude of the QTL. Thresholds for significant (p < 0.05) LOD scores were based on 1000 permutations every 1.0 cM. Since behavioral data showed significant sex differences, the QTL analysis was performed separately for each sex. The QTL effects has also been estimated considering the group (first and second group of F2 population, see item 2.1) as an interactive covariate, since the different time of birth (environmental variable) can affect differently the behavior of animals.
Statistics
All comparisons between SLA16 and SHR rats in PMDAT, OF, OR and SA were performed by independent samples t-test, separately for each sex. Comparisons between sessions in OR were performed by dependent samples t-test. Comparisons in FC were performed by two-way ANOVA (strain and session) with repeated measures, separately for each sex. Post-hoc comparisons (Newman-Keuls) were carried out for repeated measures or when a significant interaction between factors was detected. Values of p 6 0.05 were considered significant. All analyses were performed using the Statistica 7.0 software package.
Results
Factor analysis
The factor analysis revealed three or two orthogonal factors, with eigenvalues higher than 1, in males and females, respectively. In males, they corresponded to 57% of the total variability. Factor 1 strongly correlated measures from OF, SA and FC. Factor 2 correlated measures from PMDAT and inner locomotion in the OF. Finally, factor 3 correlated discrimination index in the OR and freezing in the FC (Table 1) .
In females, two factors corresponded to 48% of the total variability. Factor 1 strongly correlated measures from PMDAT, OF and SA. Factor 2 correlated % time in aversive arm in the PMDAT and escape attempts in the FC, both in the test session (Table 2) .
QTL analysis
Two significant QTL were identified (Fig. 1A and B) in male rats. They were found for behaviors related to anxiety/emotionality and learning/memory. One of them influenced the total distance traveled on PMDAT, in the training session, (near D4Mgh27; LOD score 2.54; p < 0.05; no covariate; LEW alleles increased distance) (Fig. 1A ) and the second influenced escape attempts on FC, in the test session, (near D4Wox22; LOD score 4.45; p < 0.01; covariate group; heterozygous decreased escape attempts) (Fig. 1B) .
In females, three QTL were identified above the significance level (Fig. 2 ). They were found for behaviors related to anxiety/ emotionality and learning/memory. The first of them influenced the time in central platform on PMDAT, in the training session, (near D4Rat76 and D4Rat49; LOD score 2.83; p < 0.05; no covariate; LEW alleles increased time) (Fig. 2A) . The second influenced time in non-aversive arm, in the test session, (near D4Rat59 and D4Mgh11; LOD score 3.21; p < 0.05; no covariate; SHR alleles increased time) (Fig. 2B) . Finally, the third influenced peripheral locomotion on OF (near D4Mgh6; LOD score 4.11; p < 0.05; covariate group; LEW alleles increased locomotion) (Fig. 2C) .
QTL confirmation
Significant differences were found between SLA16 and SHR rats in several behavioral measures from five behavioral tests. In the training session of the PMDAT, SLA16 male rats presented increased %time spent in the open arms (t = 2.63; p < 0.05), %time spent in the aversive arm (t = 2.69; p < 0.05), and total number of entries (t = 3.63; p < 0.01), when compared to SHR rats (Fig. 3A-C) . In the test session, SLA16 male rats presented increased total number of entries (t = 3.51; p < 0.01), when compared to SHR rats (Fig. 3D ).
In the training session of the PMDAT, SLA16 female rats presented increased %time spent in the open arms (t = À3.16; p < 0.01) and total number of entries (t = À2.59; p < 0.05), when compared to SHR rats ( Fig. 4A and C ). There were not differences between strains in time in central platform (t = 1.14; p > 0.05; data not shown). In the test session, SLA16 female rats presented decreased time spent in the non-aversive arm (t = 2.16; p < 0.05), when compared to SHR rats (Fig. 4B ). There were not differences between strains in total number of entries (t = À0.90; p > 0.05; Fig. 4D ). Factor loadings higher than 0.4, produced by a varimax raw rotation, are shown for each factor. PDT = plus-maze discriminative avoidance task; OF = open-field; OR = object recognition; SA = spontaneous alternation; FC = fear conditioning. Factor loadings higher than 0.4, produced by a varimax raw rotation, are shown for each factor. PDT = plus-maze discriminative avoidance task; OF = open-field; OR = object recognition; SA = spontaneous alternation; FC = fear conditioning. In the OF, SLA16 male rats presented increased central (t = 2.43; p < 0.05) and peripheral locomotion (t = 2.86; p < 0.01), when compared to SHR rats ( Fig. 5A and B) . SLA16 female rats presented increased central (t = À4.42; p < 0.01) and peripheral locomotion (t = À3.25; p < 0.01) (Fig. 5C and D) and spent more time in the central area (t = À3.03; p < 0.01) (Table 3) , when compared to SHR rats.
In the OR, male and females from both strains explored more the novel than the familiar object. But there were not significant 3 . Means ± SEM of the behaviors from SLA16 and SHR male rats in training (A-C) and test (D) sessions of plus-maze discriminative avoidance task. T-test for independent samples was performed. ** p < 0.01 and * p < 0.05 represent overall strain effects. N = 11 SHR males and 12 SLA16 males.
differences between strains in the discrimination index (Table 3 ).
In the same way, on SA, there were not significant differences between strains in both sexes for both % of alternations or total arm entries (p > 0.05) ( Table 3) . In the FC, in males, there was an interaction between strain and session for time in freezing (F = 3.17; p 6 0.05). Newman-Keuls post-hoc analyses revealed that strains differed only in the test session. Moreover, both strains showed increased freezing in the test session compared to pre-conditioning (Fig. 6A) . Still in the FC, there was an overall effect of strain (F = 5.05; p < 0.05) and session (F = 12.54; p < 0.01) for escape attempts. The SLA16 rats showed more escape attempts than SHR and Newman-Keuls post-hoc analyses revealed differences among all sessions (Fig. 6B) .
In the FC, in females, there was an interaction between strain and session for time in freezing (F = 4.60; p < 0.05). Newman-Keuls post-hoc analyses revealed that only SHR rats showed increased freezing in the test session compared to pre-conditioning (Fig. 6C) . Still in the FC, there was an overall effect of strain (F = 4.81; p < 0.05) and session (F = 7.49; p < 0.05) for escape attempts. Newman-Keuls post hoc analyses revealed that both strains showed increased escape attempts in the test session compared to other sessions (Fig. 6D) .
Discussion
The multivariate analysis of the F2 population revealed a correlation between anxiety/emotionality related behaviors and learning/memory in male and female rats, although some differences were found in factor structure between sexes. Two significant QTL in males and three in females were found in the PMDAT, OF and FC behavioral tests. Of these, four QTL were confirmed in SLA16 rats. Additionally, the SLA16 strain displayed lower levels of anxiety/emotionality, higher locomotor activity and deficits in learning/memory in comparison with SHR strain.
Factor analysis
The factor analysis of all behaviors revealed three or two main factors in males and females, respectively, with some differences in factor structure between sexes (Tables 1 and 2 ). For instance, in males, the different behavioral tests shared more common aspects and corresponded to a higher percentage of total variance than in females. Furthermore, factors 1 and 2 in males, and factor 1 in females, were associated with anxiety/emotionality and learning/memory variables in different behavioral tests.
More specifically, factor analysis showed a strong correlation between central locomotion and learning/memory variables in both male and females. For example, in males, animals that had lower OF center exploration, considered more ''anxious" (for review see Prut & Belzung, 2003 ) also had higher freezing (greater retrieval of aversive memory). This outcome corroborates studies showing negative correlation between exploration of aversive areas and freezing behaviors (Lopez-Aumatell et al., 2011) . Nevertheless, it remains to be investigated if the central locomotion, even in naïve animals, depends on rats' previous life experience (memory). Most likely, the opposite is true and learning/memory behaviors depend on rats' emotional state.
Several studies suggest close relationship between the emotional profile and learning/memory performances (Korosi et al., 2012; Oomen et al., 2010; Ponder et al., 2007) . A wide range of researchers have been studying brain areas involved in anxiety/ emotionality and learning/memory (Kheirbek & Hen, 2014; Laeger et al., 2014) . In hippocampus-dependent behavioral tasks, the existence of an inverted-U-shape for performance memory function according to stressor intensity has been suggested (Salehi, Cordero, & Sandi, 2010) . However, different hippocampal subareas could be involved, because some studies suggest that dorsal hippocampus is concerned in memory and spatial navigation, while ventral hippocampus regulates anxiety-related behaviors (Fournier & Duman, 2013; Strange, Witter, Lein, & Moser, 2014) .
The central locomotion was also positively correlated with OF peripheral locomotion, in both sexes (Tables 1 and 2 ). At first, this result may seem surprising since these variables should measure males; 12 SHR females; 11 SLA16 females. Fig. 6 . Means ± SEM of the behaviors from SLA16 and SHR male and female rats. Two-way ANOVA with repeated measures was performed. * p < 0.05 for strain differences. # p < 0.05 and ## p < 0.01 for session differences. & p < 0.05 for difference between pre-conditioning and test for SHR. N = 13 SHR males; 13 SLA16 males; 12 SHR females; 12 SLA16 females.
different emotional components (Fernandez-Teruel et al., 2002) . However, previous results also suggests that these two variables can be highly related, because both involve movement and are collected when the animal is being exposed to the same novel environment, which should trigger close emotional reactions. Further, Floripa High and Low rat lines, which were bidirectionally selected to OF central locomotion, also presented divergence in relation to OF peripheral locomotion (Ramos, Correia, Izidio, & Bruske, 2003) . Conventionally, only total locomotion was considered in the OF test by the majority of researchers, as proposed by Hall (1934) . Thus, in spite of the attempts to separating central and peripheral locomotion interpretations, especially based on pharmacological evidence (for review see Prut & Belzung, 2003) , our data indicate that, at least in these populations, central and peripheral locomotion might have genes and neurobiological pathways in common.
Considering that factor 3 (in males) and factor 2 (in females) account for only 13% or 16% of the total phenotypic variability, respectively, caution should be taken in the interpretation of these factors. Indeed, they corresponded only to learning/memory variables in males and females. Thus, these factors could be expected to represent the same behavioral dimension that is present in different learning/memory tasks. From another standing point, they suggest that there are different interpretations of the results of these tests between the two sexes. Sex differences in learning/ memory have been extensively evaluated in animal models. Studies frequently demonstrate better spatial learning in males (Blokland, Rutten, & Prickaerts, 2006) and stronger emotional memory in females (Hamann, 2005) . Alternatively, Ribeiro et al. (2010) showed differences between genders only in tasks with strong emotional contexts, where stress effects could be determinant. The mechanisms underlying these sex-specific differences are not completely known, but Shors (2004) suggested that stress reactions are different between genders and this also might account for differences in learning/memory.
QTL analysis
Five different QTL linked to emotional and cognitive behaviors were found in the present study. Two of them were found in males and three in females. All of them are original, except the QTL for OF peripheral locomotion.
In males, the analysis identified QTL for distance traveled in the training session of PMDAT and escape attempts in the test session of FC. The first QTL (Fig. 1A) was mapped between D4Rat76 and D4Mgh27 markers at 64 cM position. In this QTL, the LEW alleles were correlated to increased distance traveled (data not shown). According to RGD, 92 QTL associated with levels of activity in rats/mice have already been described. Of these, two are located on Chr 6 of mice (that may correspond to Chr 4 in rats) and are related to locomotor activity circadian variations (Hofstetter, Trofatter, Kernek, Nurnberger, & Mayeda, 2003) or hyperlocomotion induced by ethanol (Downing, Rodd-Henricks, Flaherty, & Dudek, 2003) . At first, this QTL could exclusively be associated with locomotor activity, but the training session in the PMDAT involved an aversive stimulus localized in one of the closed arms. Thus, caution is needed regarding this interpretation because this QTL could involve an emotional/cognitive component associated with locomotor activity. In other words, anxious or fast learner animals may avoid the aversive stimulus and, consequently, ambulate less in this task. The fact that we did not find a QTL for PMDAT distance traveled in the test session (where the aversive stimulus is not present) reinforces this view.
The second QTL (Fig. 1B ) was mapped at 46 cM, very close to D4Wox22 marker, and influenced the escape attempts in the test session of FC. In this QTL, the heterozygous decreased the escape attempts (data not shown). The escape evaluation was used in order to quantify different behavioral strategies that represent memory. Some of the animals, that evoke the fear memory correctly, may adopt an active response in this task, opposing the classic freezing behavior (considered a passive response). In rodents, it is believed that the defensive behaviors are grouped into passive coping (or reactive) or active coping (or proactive) (MetnaLaurent et al., 2012; Ribeiro et al., 2010) and that these are dependent on amygdala activity (Gozzi et al., 2010; Tsetsenis, Ma, Lo Iacono, Beck, & Gross, 2007) .
According to the RGD, there are a total of 40 QTL mapped in the rats/mice genome for learning/memory behaviors. Of these, the QTL for escape attempts found here is the fourth higher and the first to be mapped in the Chr 4 of rats. These recorded memoryrelated QTL in RGD were mapped to behaviors exhibited in the Morris-maze and social recognition tests (Herrera, Pasion, Tan, Moran, & Ruiz-Opazo, 2013; Ruiz-Opazo & Tonkiss, 2004) . However, a study that tested a panel of strains with chromosomal replacements (derived from strains A/J and C57BL/J6) in the FC suggested that Chr 6 (that may correspond to Chr 4 in rats) influenced the percent of contextual freezing (Ponder et al., 2007) .
In the present study, in the PMDAT, the first and second QTL from females ( Fig. 2A and B) influenced central platform time in the training session (mapped between D4Rat76 and D4Rat49 markers; LEW alleles increased central time), and time in nonaversive arm in the test session (mapped between D4Rat59 and D4Mgh11 markers; SHR alleles increased time in non-aversive), respectively. These original results are the first QTL identified using PMDAT. The second QTL, time in non-aversive arm in the test session, is considered a classic index of memory retrieval in this task. Classically, rats that spend more time in non-aversive arm, in the test session, are the ones that best evoked the aversive memory, generated in the training session (Ribeiro et al., 2010) . The time in central region (first QTL) could be related to emotionality, because rats normally avoid open arms (Carobrez & Bertoglio, 2005) . Further, as discussed previously, in the PMDAT, the training session involves an aversive stimulus in one of the enclosed arms. This could generate conflicting exploration decisions and high emotional rats could spend more time in the central area. However, we do not intend to interpret a single behavior as a pure measure of emotionality, as well as a so-called emotional measure may depend, among other things, on locomotion (Paulus & Geyer, 1993) .
The third QTL from females had an influence on the peripheral locomotion in the OF (Fig. 2C) and it expressed the higher LOD score (4.11). In this QTL, the LEW alleles were correlated to increased peripheral locomotion (data not shown). This QTL was already identified in a previous study (Izídio et al., 2011) . Usually, peripheral locomotion is believed to be a locomotion index, but, as previously discussed; the real meaning of this variable may be more complex than it initially appears (Paulus & Geyer 1993; Ramos et al., 2003) . For instance, in the current study, it positively correlated with inner OF locomotion, a typical index of anxiety/ emotionality. Some QTL have already been described for locomotor activity in the OF on mouse Chrs 1, 4, 6, 7, 9, 12, 13 and 15 (EisenerDorman, Grabowski-Boase, Steffy, Wiltshire, & Tarantino, 2010; Takahashi, Nishi, Ishii, Shiroishi, & Koide, 2008; Turri, Datta, Defries, Henderson, & Flint, 2001 ).
QTL confirmation
Some studies have been demonstrating the usefulness of congenic strains in confirming genomic regions influencing the memories related to emotionality (Wilson, Brodnicki, Lawrence, & Murphy, 2011) . Thus, in order to confirm the five QTL found, we used the SLA16 congenic rat strain. In general, SLA16 males and females presented less anxiety/emotionality and higher locomotor activity, confirming previous data, and deficits in learning/memory (in PMDAT and FC), extending our current data, in comparison with the SHR. All QTL were confirmed in SLA16 rats, except the QTL for time in central platform of PMDAT.
In the training session in PMDAT, congenic males showed more ambulation, as expected due LEW alleles, (Fig. 3C ) and escape attempts (Fig. 6B) when compared with SHR. In addition, congenic females spent less time in the non-aversive arm, in the test session of PMDAT (Fig. 4C ) and ambulated more in the peripheral area of OF (Fig. 5D) than SHR, as expected due LEW alleles. However, there were no differences between SLA16 and SHR females in relation to time spent on the central platform in the training session of PMDAT (data not shown). This last result did not corroborate previous QTL.
In SLA16 recombinant animals, the background genome is almost totally from SHR rats, except for a portion of Chr 4 that came from LEW rats (De Medeiros et al., 2013) . Of notice, this portion contains the five QTL found herein. In general, one may conclude that LEW alleles in SHR background exacerbated the phenotypes of SLA16 in comparison with SHR rats. At first, these results seem to be contradictory, but they are in agreement with the known transgressive nature of Anxrr16 region (De Medeiros et al., 2014; Izídio et al., 2011; Ramos et al., 1999) . Indeed, this is a very common phenomenon in this kind of studies (Caldarone et al., 1997; Llamas et al., 2005; Silva et al., 2007) .
Our results corroborated the one from De Medeiros et al. (2013) showing that the anxiety levels of the SLA16 animals were reduced to an even lower level than those found in the parental SHR strain. Indeed, SLA16 rats showed increased time in the open arms in the PMDAT (Fig. 3B and 4A ) and central locomotion in OF ( Fig. 5A and C) . Moreover, SLA16 animals seem to be hyperactive to novel situations (Figs. 3C and D, 4B and 5B and D) , a result also showed by De Medeiros et al. (2013) . Our results also show, for the first time that SLA16 animals presented differences in learning/ memory in comparison with SHR. For example, they spent more time in the aversive (Fig. 3A) or less in the non-aversive arm (Fig. 4C ) in the PDT, as well as less freezing time in FC (Fig. 6A) .
The FC is a paradigm suitable to study emotional learning and memory in rats, because it comprises the association of an otherwise neutral context with an aversive electrical footshock (unconditioned stimulus) (LeDoux, 2000) . After training, the context alone elicits a conditioned fear response such as freezing behavior (conditioned stimulus) that is dependent on hippocampus (Baldi & Bucherelli, 2014) . Taken together, these results suggest some deficits in learning/memory in SLA16 rats. However, as mentioned, while the evaluation of escape behavior is an uncommon parameter in FC tasks, it could be interpreted as a different response to the aversive conditioning other than freezing (Clements, Saunders, Robertson, & Wainwright, 2007; Ribeiro et al., 2010) .
As already discussed, SLA16 congenic strain was developed from an intercrossing between LEW and SHR strains. Our results suggested that SLA16 animals could be even more hyperactive and present some deficits in learning/memory tasks, at least in those with high emotional content. This new strain needs further behavioral, pharmacological and neurochemical validation, but so far data suggest that we could have a new genetic model to investigate some aspects related to the ADHD. Consequently, further specific experiments with the objective of evaluating learning/ memory, attention and impulsivity in SLA16 rats will be hereafter conducted in our laboratory.
Researchers have mapped different and important genes, on rat Chr 4, specifically in the region of the five QTL found in the present study. One of them is the Snca gene that encodes for a-synuclein.
This protein is commonly expressed in the central nervous system, mainly in presynaptic terminals (Mori, Tanji, Yoshimoto, Takahashi, & Wakabayashi, 2002) . a-synuclein inhibits the enzyme tyrosine hydroxylase, which leads to downregulation of the synthesis of dopamine (DA), and may attenuate the dopamine transporter activity as well (Wersinger & Sidhu, 2003) . An elegant study with the LEW and SHR strains has identified a nucleotide polymorphism in Snca gene. In that study, the authors suggested that the presence of this polymorphism may be involved in the vulnerability to anxiety disorders (Chiavegatto et al., 2009) . In parallel, this gene has been suggested to have a role in memory impairments (Alvarsson, Caudal, Björklund, & Svenningsson, 2015) , and thus it becomes a strong candidate gene to explain the QTL found in the present study.
We have mapped here new QTL in Chr 4 for anxiety-and learning/memory behaviors. Many of these QTL might be reduced to a small region of the Chr 4, if the mapping resolution was significantly increased with more animals and molecular markers. In addition, we confirmed the QTL using SLA16 and SRH inbred rat strains. The effects reported here, reinforce the importance of Chr 4 in the regulation of anxiety-related behaviors and extend its relevance to learning/memory behaviors. For this reason, SLA16 is now a promising strain to study genes or neurobiological pathways influencing anxiety or -learning/memory related behaviors.
